In the present investigation, a semi analytic and semi Numerical solution of the hydromagnetic squeeze film between anisotropic porous rectangular plates with lubricant additives has been studied. The effect of transverse magnetic field with the lubricants containing additives has been modelled as Stokes couple stress fluid. The more realistic Beavers-Joseph slip boundary conditions are used to derive the most general form of MHD-Reynolds equation, which accounts for the effects due to the lubricant additives and anisotropic nature of the porous material in the presence of transverse magnetic field. The current work aims to achieve better tribological designing for the design engineers to bring in enhanced load carrying capacity and reduced squeeze film time by the application of transverse magnetic field as compared to non-magnetic case and Newtonian case.
Introduction
Since several decades squeeze film characteristics play an important role in many applications, such as lubrication of machine elements, automatic transmissions, and artificial joints. The squeeze film action comes from two lubricated surfaces approaching each other with a normal velocity. Analysis of squeeze film performance assumes that the lubricant behaves essentially as a Newtonian viscous fluid however; to establish the flow properties and to increase the lubricating qualities, the use of various additives has been emphasized. The lubricant with additives has been modelled as a Stokes couple stress fluid. Couple stress fluids are a consequence of the assumption that the interaction of one part of the body on another, across a surface, is equivalent to a force and momentum distribution. Couple stresses may appear particularly in problems where thin films exist. Many authors have used this couple stress model to study the various hydrodynamic lubrication problems [1] [2] [3] . Recently, Naduvinamani et al. [4] studied the effect of Magneto-hydrodynamic couple stress on squeeze film lubrication of bearings in circular stepped plates.
The study of the interaction of conducting fluids with electromagnetic phenomena is called Magnetohydrodynamics (MHD). The magnetic field is an important factor in the conditioning and controlling tribological property. Further, the motion of highly conducting fluids in the presence of magnetic field is due to MHD. In the presence of a magnetic field, number of authors [5] [6] [7] [8] [9] have applied the electrically conducting lubricant to study various magneto-hydrodynamic lubrication problems. Lin [10] studied the effect of Magneto-hydrodynamic squeeze film characteristics in finite rectangular plates. Many theoretical studies on the potentiality of MHD lubrication have been presented for various bearing configurations [11] [12] [13] [14] [15] [16] [17] .matrix as isotropic in nature. Wheeler and Balasubramanayam [19] extended the Wu's analysis by including the effects of anisotropic permeability and velocity slip at the porous surface. The anisotropic nature of the porous materials is inherent in the process used for their manufacture. Naduvinamani et al. [20, 21] studied the squeeze film lubrication between anisotropic porous rectangular plates with lubricants containing polar additives. Until the present time, no theoretical investigation of the effect of the transverse magnetic field on the squeeze film lubrication between anisotropic porous rectangular plates with couplestress fluids is presented in the literature familiar to us. Hence, the aim of this paper is to study the combined effect of MHD and couple stress on the squeeze film lubrication between anisotropic porous rectangular plates.
Mathematical formulation and solution of the problem
Consider a squeezing flow of couple stress fluid between the two rectangular plates, of which the upper plate is approaching towards the lower porous plate with a normal velocity V (= −dH/dt) as shown in the Fig. 1 . The uniform magnetic field B 0 is applied perpendicular to the two plates. The lubricant in the film region is considered to be an incompressible Stokes [22] couple stress fluid, and the body forces and body couples are assumed to be absent.
The following assumptions are made in the present analysis.
1. The couple stress fluid flow in the film region is laminar. 2. The body forces and couples are absent and the fluid is incompressible. 3. The inertia effects are neglected in the film region, the pressure is independent of the z-coordinate and z-derivatives of the velocity components dominate. 4. The flow in the porous media follows the modified Darcy's law.
Where
is the velocity vector, K is the anisotropic permeability tensor and β = (η/µ)/K. In the present analysis, it is assumed that the anisotropic properties of the porous materiel are such that the principle directions of K remain constant and parallel to the coordinate directions shown in the Figure 1 . Then K can be written as 0 0
Where k x , k y , and k z are the constant permeability coefficients in the x, y, and z, directions, respectively. Under the assumptions 1-3, the equations of motion derived by Stokes [22] for couple stress fluid in the presence of applied magnetic field take the form
The modified Darcy velocity components u * , v * , and w * in the porous medium along the x, y, and z, directions, respectively, are
The solution of equation (3) and (4) subject to no-slip conditions on the solid plate at z = h, usual B-J 
Where l = (η/µ) 1/2 is the couple stress parameter, On substituting equations (10) and (11) in to equation (6) integrating across the film thickness h, and using the boundary conditions of continuity of vertical component of velocity on the porous wall, we obtain   Where   0   2  2  2  2  11  2  2 ( , , , ) 
It is assumed that the mean velocities in the porous medium satisfy the equation of continuity
And using Darcy's law we obtain the elliptic equation for the pressure
Equation (12) represents the most general form of the modified MHD Reynolds equation for the pressure in the fluid film region.
The usual boundary conditions of atmospheric pressure (assumed to be zero) at the edges of the plates and also at the lateral surfaces of the porous medium, the solid backing at the bottom of the porous plate and the continuity of pressure at the fluid film and porous interface are:
And p(x, y) = p * (x, y, 0) (pressure continuity) (17) The elliptic equation (13) is solved using the method of separation of variables. After using the boundary conditions for p * in equations (14) and (15), we obtain
 and the coefficients a mn are the Fourier coefficients to be determined.
Equation (12) is solved by expressing p(x, y) as an infinite series consisting of a complete set of orthogonal functions each of which satisfies the boundary conditions given in equations (14) and (15),
The coefficients b mn are determined, by using the pressure continuity condition (17) , and given by
Substitution of equations (18)- (20) in to equation (12) and then use of the orthogonality of eigen functions gives
Where m and n are odd. 
The load carrying capacity of the couple stress squeeze film between the anisotropic porous rectangular plate is obtained by integrating the pressure field over the surface of the top plate as 
The non-dimensional load carrying capacity W * is obtained in the form 3 2 
Where 1 , 
The results of Wheeler and Balasubramanyam [19] and Naduvinamani et al. [20] and can be obatained by M 0 → 0, l * → 0 and β x , β y , β z →0, respectively in equations (23) and (24).
Results and discussion
In the present investigation, the squeeze film characteristics are analysed with respect to the various dimensionless parameters, viz. The magnetic parameter M 0 , couple stress parameter l * , the permeability parameter ψ z , the permeability ratio parameter (k y * /k x * ). The parameter M 0 is due to the transverse magnetic effect, the parameter l * = ( /   )/h 0 arise due to the presence of polar additives in the lubricant. The dimension of (η/µ) is of length square and this length may be regarded as the chain length of the polar additives in the lubricant. Hence, the parameter l * provides the mechanism of intersection of the fluid with the bearing geometry. The additives effects are more prominent when either the chain length of the polar additives is large or the minimum film thickness is small. i.e when l * is large. Hence, squeeze film characteristics are analysed for some intermediate values of l * . The effect of anisotropic permeability on the squeeze film characteristics is observed through the permeability ratio parameter (k y * /k x * ) and the permeability parameter ψ z . For the purpose of numerical computations of the results for W * and T * , the parametric values of α x =α y = 0.1, β x = β z = 0.3, β y = 0.03 and δ * = 0.02 are chosen. The variation of non-dimensional load carrying capacity W * with the aspect ratio λ is shown in the Figure  2 for various values of the couple stress parameter l * and for two values of magnetic parameter M 0 , with ψ z = 0.001 and k y * /k x * = 0.1. The dotted curves in the figure correspond to the non-magnetic case. It is observed that the effect of applied magnetic field and couple stresses is to increase the non-dimensional load carrying capacity W * in the presence of applied magnetic field as compared to corresponding non-magnetic case. Further, it is observed that the value of λ at which the maximum load occurs, λ max is a function of the couple stress parameter l * and M 0 . As l * increases, λ max increases. Coarser the additives, higher is the λ max . Further, the effect of magnetic field is very significant as compared to non-magnetic case.
The effect of anisotropic permeability on the variation of W * with λ is shown in Figure 3 for ψ z = 0.001 and l * = 0.3. It is observed that the in the presence of magnetic field effect of the permeability ratio parameter (k y * /k x * ) is to alter the size of the rectangular plates to attain W The half squeeze film time T * is the time required to reduce the initial film thickness, Figure 5 shows the variation of T * with λ for different l * and for two values of M 0 with ψ 0z = 0.001 and (k y * /k x * ) = 0.1. It is very clear that effect of applied magnetic field is to delay the squeeze film time. Also note that the dotted curve in the figure indicates the results of the non-magnetic case. It is observed that the combined effect of lubricant additives and magnetic fields to delay the squeeze film time as compared to the corresponding Newtonian case and non-magnetic case. between the results of Naduvinamani et al. [20] and present analysis. It is very clear from the table that effect of magnetic field is to enhance the bearing performance than the conventional non magnetic case. Further, numerical example is shown in Table 3 .
Conclusions
The effects of lubricant additives on the performance characteristics of MHD anisotropic porous squeeze film bearings are presented on the basis of the Stokes theory for couple stress fluids. The general modified Reynolds equation is derived for anisotropic porous squeeze film to account for the effects due to the presence of polar additives in the lubricant and applied magnetic field. The present analysis exhibits additives effect through the parameter l * . As l * → 0, and β x , β y , β z →0, the expressions obtained for the squeeze film characteristics in this paper reduce to that of the corresponding Newtonian case studied by Wheeler and Balasubramanayam [19] . Also as (M 0 → 0) the squeeze film characteristics reduces to that of non-magnetic case [20] .
From the above theoretical results the following conclusions are drawn. Table 1 . Table 2 Numerical comparison between the results of Naduvinamani et al. [20] and present analysis with  = 1,  x =  y = 0.1,  x =  z = 0.3,  y = 0.03,  = 0.02, k x = k z = 5e -10 , H * = 0. 
